We report on some ideas concerning the nature of the X(3872) resonance and the need for approximately equal charged and neutral components of DD * + cc. Then we discuss how some hidden charm states are obtained from the interaction between vector mesons with charm and can be associated to some of the charmonium-like X,Y,Z states. Finally we discuss how the nature of these states could be investigated through different types of radiative decay.
1. The X(3872) as a molecule of DD * + cc.
The fact that the mass of the X(3872) resonance is so close to the D 0D0 * has stimulated much work around the idea that it is a molecular state of hidden charm with these pseudoscalar-vector components 1,2,3,4 . Although the charged components of these states could also play a role, the idea is that the neutral component is so little bound that it stretches far away and the probability to find this component is much larger than that of the charged components, which is confined because of the extra 7 MeV binding. The argument is intuitive but the short range nature of the strong interactions has as a consequence that only the wave function close to the origin is relevant for processes involving the strong interaction. Then the wave function around the origin is the relevant magnitude and not the absolute probability to find a certain component. Properties related to the isospin of the resonance will then be tied again to the wave functions at the origin. A theoretical study done in 5 takes the model of 6 , where the X(3872) appears as a dynamically generated resonance in isospin I=0, and, by studying the system in charge basis, finds that the residues at the pole for the neutral and charged components are remarkably equal, thus indicating that one has an I=0 state. It is possible to address many observables in terms of these couplings and the equality of the couplings for the charged and neutral components would determine the behavior of the resonance as an object of isospin zero. In the same work it was discusses that with this solution it was possible to understand the ratio
Since the two pions in the numerator are known to be mostly a ρ meson and the three pions in the denominator are mostly coming from an ω meson, it looks like the isospin zero option for the X indicates a strong isospin breaking in this reaction. Yet, it was shown in 5 that this is not the case because the large width of the ρ provides a large phase space for the reaction in the numerator compared to that in the denominator, which compensates for a small violation of isospin. Hence, a small isospin violation due to the different masses of the charmed mesons and vectors is sufficient, according to 5 , to produce a ratio for eq. (1) in agreement with experiment. The study of the wave functions of the meson-vector components of the X(3872) resonance was done in 7 . For this we assumed a potential in momentum space of the type
which, via the Lippmann Schwinger equation, leads also to a factorized T-matrix
with t given by t = v + v G t, or equivalently,
This equation is easily generalized to coupled channels and one finds the remarkable result that
ii =ψ i where α stands for the bound state of the system, and g i is the coupling of the state to the channel i, determined from the residues of the scattering amplitudes in the pole of the bound state, and with interesting relationships with the derivatives of G ii 7 . The function G ii is the loop function which appears in the scattering equation, eq. (4), andψ i is defined as
This result shows the relationship of the couplings to the wave function at the origin and one can see that either the couplings or the wave functions around the origin (see 7 for the case where there is smooth function substituting the sharp θ function, where the wave function at the origin is substituted by an average of the wave function at short distances). The findings of 5,7 have been very useful to understand the meaning of the couplings and their role in strong interaction processes, plus their relationship to the wave functions and the relationship of the isospin of a multichannel state to the wave functions of the components close to the origin, rather than to their probability. They were also useful to understand that the role of the charged components in the X(3872) is essential and the picture with only neutral components does not stand up for a fair comparison with experiment. Indeed, the ratio of eq. (1) becomes about 50 times larger than experiment if only the neutral components are chosen.
A description of some X,Y,Z resonances as bound states of hidden charm vector-vector states.
In 8 the D * D * system was studied and the scattering amplitudes produced poles which could be associated to hidden charm meson states. These meson states could be associated in some cases to recently claimed charmonium-like X,Y,Z states which, however, do not stand a neat association to expected standard charmonium states. These states obtained were a generalization of the case of the interaction of light vector-light vector 9,10 or a charmed vector with a light one, without strangeness 11 or with strangeness 12 . In all the previous cases one finds poles in the scattering amplitudes which can be associated to states already discovered, with predictions in a few cases for states not yet observed. The success of these cases, where predictions for the resonances properties could be done and contrasted favorable with experiment 13 , gives us a certain confidence that the states predicted can indeed be associated to some of the discovered ones. In the On the other hand, the theoretical study of 8 finds poles at different positions and with certain quantum numbers of spin and isospin. The properties of these states, as well as their coupling to the different building channels are given in the following Tables.
By looking for poles in the second Riemann sheet, we have found five resonances, three of which can be associated with the experimental data: The state (3943, 0 
